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DEPUZZLING B → Kπ : CONSTRAINTS ON THE UNITARITY TRIANGLE
FROM B,Bs → ππ,Kπ,KK DECAYS IN THE SU(3) LIMIT
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Constraining CKM parameters from harmless hadroni B deays requires methods for ad-
dressing the hadroni unertainties. A omplete tehnique is presented, using relations between
amplitudes in the B,Bs → pipi,Kpi,KK system obtained in the exat SU(3) symmetry limit,
without having to neglet annihilation/exhange topologies. Naive SU(3)-breaking eets in
the deay amplitudes are taken into aount, through the inlusion of pi and K deay on-
stants in the normalisations and onservative theoretial errors. Already with the limited set of
observables urrently available, signiant onstraints on the CKM parameters are obtained.
Also, subsets of observables are shown to bring non trivial onstraints on the CKM angles
α and β, in agreement with analytial solutions that we derive. Finally, the future physis
potential of this method is estimated, in light of the inreased preision of measurements from
the urrent B-fatories, and the inlusion of several new observables from Bs deays expeted
to be provided by the LHC experiments.
1 Introdution
Constraining CKM parameters from harmless hadroni B deays requires methods for ad-
dressing the hadroni unertainties. A ommon method onsists in onsidering symmetries to
relate dierent deay amplitudes and eliminate hadroni unknowns. SU(2) symmetry is well un-
derstood and largely used to get onstraints on the Unitarity Triangle from harmless two-body
hadroni B deays. In the ππ system, it allows to determine the angle α up to an eightfold
ambiguity, whereas in the Kπ system, it requires additional hypotheses to be preditive. In
both ases, the derived onstraints remain weak with the urrent errors and one an wonder
how to use all the available inputs in a more eient manner. Although errors remain large,
a
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theoretial alulations as SCET or QCD fatorization an be onsidered, as it has been dis-
ussed previously
3,4
. Here, we propose a new data-driven tehnique, using relations between
amplitudes in the B,Bs → ππ,Kπ,KK system obtained in the SU(3) symmetry limit. Use of
approximate SU(3) symmetry
5
for those modes has reeived onsiderable attention in the reent
literature
7,8,9,2
. In this paper, the exat SU(3) limit is onsidered, without additional hypothe-
ses suh as the neglet of annihilation/exhange topologies. Naive SU(3)-breaking eets in the
deay amplitudes are taken into aount, through the inlusion of π and K deay onstants in
the normalisations and onservative theoretial errors.
The rst setion is devoted to the formalism : the deay amplitudes under SU(3) are ex-
pressed, eletroweak penguin amplitudes are related to other amplitudes in a model-independent
way, and the SU(3) breaking parameterization is desribed. In setion 3, two analytially solv-
able subsystems of observables are introdued mainly onstraining the CKM angles α and β.
The inputs, the parameter ounting and the statistial approh are briey disussed in setion 4.
Finally, numerial results are given in setion 5, where the future physis potential of this method
is also estimated, in light of the inreased preision of measurements from the urrent B-fatories,
and the inlusion of several new observables from Bs deays expeted to be provided by the LHC
experiments. This work will be desribed in further details in an upoming publiation
1
.
2 Formalism
2.1 Model-independent parameterization in the SU(3) limit
Beneting from the unitarity of the CKM matrix, one an provide a phenomenologial de-
sription of any deay amplitude in terms of CKM matrix elements and two omplex hadroni
amplitudes ; namely for the B0 → K+π− deay amplitude : A(K+π−) = VusV
∗
ub T
+−+ VtsV
∗
tb P .
Owing to SU(3) invariane of strong interation, the amplitudes of various B,Bs → ππ,Kπ,KK
deays are related to eah other through 16 omplex independent equations, and thus the system
an be desribed via only 10 hadroni amplitudes, i.e. 19 real physial parameters, as follows :
A(Bd → K
+π−) = VusV
∗
ub T
+− + VtsV
∗
tb P ,
A(Bu → K
0π+) = VusV
∗
ubN
0+ + VtsV
∗
tb (−P + P
EW
C ),
A(Bu → K
+π0) = VusV
∗
ub (T
+− + T 00 −N0+) + VtsV
∗
tb (P + P
EW − PEWC ) ,
A(Bd → K
0π0) = VusV
∗
ub T
00 + VtsV
∗
tb (−P + P
EW ) ,
A(Bd → π
+π−) = VudV
∗
ub (T
+− +∆T ) + VtdV
∗
tb (P + PA) ,
A(Bd → π
0π0) = VudV
∗
ub (T
00 −∆T ) + VtdV
∗
tb (−P − PA+ P
EW ) ,
A(Bu → π
+π0) = VudV
∗
ub (T
+− + T 00) + VtdV
∗
tb P
EW ,
A(Bd → K
+K−) = VudV
∗
ub∆T + VtdV
∗
tb PA ,
A(Bd → K
0K¯0) = VudV
∗
ub∆P + VtdV
∗
tb (−P − PA+ P
EW
C −
1
2
PEW
KK¯
) ,
A(Bu → K
+K¯0) = VudV
∗
ubN
0+ + VtdV
∗
tb (−P + P
EW
C ) ,
A(Bs → K
+K−) = VusV
∗
ub (T
+− +∆T ) + VtsV
∗
tb (P + PA) ,
A(Bs → K
+π−) = VudV
∗
ub T
+− + VtdV
∗
tb P ,
A(Bs → π
+π−) = VusV
∗
ub∆T + VtsV
∗
tb PA . (1)
These equations are perfetly exat in the SU(3) limit.
2.2 Eletroweak penguins from Q9,10 dominane
One an relate the eletroweak penguins amplitudes PEW, PEWC and P
EW
KK¯
to the other
amplitudes in a model-independent way
10,11
in the SU(3) limit making use of Fierz transforms
and beneting from the dominane of the operator c9O9 + c10O10 with respet to c7O7 + c8O8 :
PEW = R+
(
T+− + T 00
)
,
PEWC =
R+
2
(
T+− + T 00 +N0+ −∆T −∆P
)
−
R−
2
(
T+− − T 00 +N0+ +∆T +∆P
)
,
PEW
KK¯
=
R+
2
(
N0+ −∆T −∆P
)
. (2)
In the above equations R+ and R− are onstants given by
R+ = −
3
2
c9 + c10
c1 + c2
= +(1.35 ± 0.12) 10−2 , R− = −
3
2
c9 − c10
c1 − c2
= +(1.35 ± 0.13) 10−2 . (3)
The theoretial error on the numerial evaluation of this ratio has been estimated from the
residual sale and sheme dependene of the Wilson oeients
12
.
2.3 SU(3) breaking
SU(3) avor symmetry is only approximately realized in nature and one may expet violations
up to 30% at the amplitude level. For example, within fatorization the relative size of SU(3)
symmetry breaking is expeted to be (fK−fπ)/fK , where fK and fπ are the pion and kaon deay
onstants, respetively. Dominant fatorizable SU(3) breaking eets
13
are taken into aount
via the normalization of B → Kπ, B → KK¯ and Bs → Kπ amplitudes, with regard to the
B → ππ one. The normalization fators are respetively :
NKπ =
fK
fπ
= 1.22± 0.22 ,
NKK¯ =
(
fK
fπ
)2 fBs
fBd
= 1.81 ± 0.34 ,
N sKπ =
fK
fπ
fBs
fBd
= 1.48± 0.28 , (4)
where the theoretial unertainty of 22% is alulated taking the error on fK
fpi
to be its deviation
from one. Remaining SU(3) breaking eets are negleted : residual fatorizable SU(3) breaking
does not exeed a few perents, while non fatorizable SU(3) breaking soures, being unon-
strained by both theoretial and experimental arguments for the moment, are assumed to play
no important role.
3 Some observables subsets
Within this framework, one an rst redue the number of unknowns by onsidering subsys-
tems of observables onstraining the angles α and β separately. These subsystems are of great
interest beause they dominate the onstraints in the (ρ,η) plane and they an be solved ana-
lytially. For the sake of simpliity, we will give the analytial solutions in the ase of vanishing
annihilation and exhange topologies. Note that analytial solutions do still exist without this
hypothesis, and that the numerial results do not neglet these ontributions.
3.1 The α subsystem
Let us rst onsider all the observables related to B0 → π+π−, B0 → K+π−, and B0 →
K+K− deays and all this subsystem α. In this ase, the system redues to 4 omplex hadroni
unknowns : T+−, P , ∆T and PA. Negleting annihilation and exhange topologies (∆T = PA =
0), the system an be desribed by two equations, in the VusV
∗
ub, VcsV
∗
cb basis :
A(B → K+π−) = teiγ − p ,A(B → π+π−) = λteiγ −
1
λ
p , (5)
solving to the analytial solution :
√
1−C+− 2ππ |D| cos(2α− 2αeff − ǫ) = (1 + λ
2)2 − 2λ2sin2(γ)
(
1 +
B+−Kπ
B+−ππ
)
, (6)
with B+−KπC
+−
Kπ +B
+−
ππ C
+−
ππ = 0 and D ≡ |D|e
iǫ = (1+λ2) (1+λ2eiγ). Thus, this subsystem mainly
measures the angle α, with a λ2 suppressed dependene on the angle γ (λ = sin(θCabibbo) ∼ 0.23).
3.2 The β subsystem
Let us now onsider the subsystem of observables related to B0 → π0π0, B0 → K0π0, and
B0 → K+K− deays. In the same manner than for the α subsystem, the hadroni unknowns
are redued to four omplex quantities T 00, −P +PEW , ∆T et PA. Negleting annihilation and
exhange topologies, it solves to :
√
1− C00 2Kπ |D| cos(2β − 2βeff + ǫ) = (1 + λ
2)2 − 2λ2sin2(γ)
(
1 +
B00ππ
B00Kπ
)
, (7)
with B00KπC
00
Kπ + B
00
ππC
00
ππ = 0. This subsystem, alled β in the following, mainly measures the
angle β, with a λ2 suppressed dependene on the angle γ.
4 Input data, parameter ounting and statistial approah
The inputs used are world averages from HFAG
14
at EPS 2005, using available results from
BABAR, Belle, CLEO and CDF. We have used ten branhing ratios, eight CP asymmetries, and
the two CP parameters S+−ππ and S
00
KSπ
; i.e. 20 independent observables in total for the Bd and
Bu amplitudes. In addition, we have taken into aount six ratios of branhing ratios measured
by CDF, four of whih are the only observables available for Bs deays.
For the α and β subsystems, we have respetively 8 and 6 measurements available, both
orresponding to 6 independent observables, for a total of 7 real hadroni unknowns for eah
system. For the full system, we already have in total 21 independent observables for 13 real
hadroni unknowns. There are up to 38 independent observables related to this system making
it a promising tool to onstraint the Unitarity Triangle in the future.
We use lassial frequentist statistis (minimum χ2) to obtain the onstraints on the param-
eters. All unknown parameters are left free to vary in the t without ontributing to the χ2. As
for the parameters that ome with a theoretial unertainty (namely R±, and the normalization
fators in (4)), we use the Rt
15
approah.
5 Fit results
5.1 The α and β subsystems
Constraints in the (ρ,η) plane for the α and β subsystems are shown on gure 1. The
respetive dependene on the angles α and β is learly visible, whereas the dependenes on the
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Fig. 1  Constraints in the (ρ,η) plane from B → π+π−,K+π−,K+K− modes, i.e. from the α
subsystem of inputs (left) and from B → π0π0,K0π0,K+K− modes, i.e. from the β subsystem
of inputs (right).
angle γ reate small strutures breaking the symmetry of the onstraints. Both results are in
good agreement with the superimposed standard CKM t.
5.2 Joint and full systems
Correlations between the two subsystems arise from two soures : the ommon mode Bd →
K+K− and the tree-dependent parameterization of the eletroweak penguins amplitude PEW . If
PEW was totally free, −P +PEW ould be identied with an independent free amplitude in the
β subsystem, and in ase of vanishing annihilation and exhange topologies (∆T = PA = 0),
the two subsystems would be ompletely unorrelated. The onstraints obtained joining the
systems α and β are shown on gure 2 (top left). They are stronger than the naive produt
of separated ontraints assuming the absene of orrelations. This eet omes mainly from
the expression of the eletroweak penguins amplitude PEW . We also nd that the t marginally
prefers non standard valeurs for PEW , in agreement with what was argued by the authors of6,7,8.
The onstraints obtained with the full system and all available inputs are also shown on
gure 2 (top right). The additional inputs allow to eliminate mirror solutions and get strong
onstraints, in reasonable agreement with the standard CKM t.
5.3 Future physis potential
To estimate the future physis potential of this method, we have performed a tentative
analysis using the errors expeted in 2008. Central values have been hosen to be the best t
values for the urrent set of inputs in the full system framework. The two bottom plots of gure 2
show the indued onstraints from a losest view in the (ρ,η) plane. On the left, two B fatories
with 1000fb−1 eah have been onsidered 16 ; and on the right, three inputs from LHCb have
been added
17
(C+−Bs→KK, S
+−
Bs→KK
and A+−Bs→Kπ). Inluding LHCb results, the ontraints are
found to be ompetitive with the urrent CKM t demonstrating the preditive power of this
framework.
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Fig. 2  Top : onstraints in the (ρ,η) plane from the joint α and β subsystems (left) and
for the full system (right). Bottom : onstraints in the (ρ,η) plane for the full system with errors
expeted in 2008 inluding two B fatories and CDF (left) and adding three inputs from LHCb
(right).
6 Conlusion and outlook
Already with the limited set of observables urrently available, signiant onstraints on
the CKM parameters are obtained. Also, observables from the B0 → π+π−, B0 → K+π−,
and B0 → K+K− subsystem alone are shown to bring strong onstraints on the CKM angle
α. A similar onstraint on β is obtained from the subsystem B0 → π0π0, B0 → K0π0, and
B0 → K+K−. The full onstraint on the apex on the Unitarity Triangle an already be ompared
with the standard CKM global t. In the future, this framework alone will be able to determine
the Unitarity Triangle with an auray omparable to the urrent CKM t, and ould be used
to onstraint SU(3) breaking or New Physis parameters.
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